r 



DOCUMENT BESOHE 

EM Oil 494 

Gillespie r Robert W. 

Cofliputer Assisted Instruction in Economics: An 
Approach for Illustrating General Equilibrium 
Concepts. 

Illinois Univ«r Urbana. Computer-Based Education 

Lab, 

Jun 73 

18p,; Paper presented at the Conference on Computers 
in the Undergraduate Curricula (Claremontr 
California^ June 18-20^ 1973) 

MF-$0.65 HC-$3.29 

^Computer Assisted Instruction; *Econoniic Education; 
Higher Education; Laboratory Procedures.; Laboratory 
Techniques; * Marketing ; *Models; Program 
Descriptions; *Simulation; Undergraduate Study 
CAI; General Equilibrium System; Mark«st Exchange; 
PLATO Computer Assisted Instruction system; Supply 
and Demand; University of Illinois 



A market exchange simulation utilizing the PLATO 
computer- assisted instructional system at the University of Illinois 
has been designed to teach students the principles of a general 
equilibrium system. It serves a laboratory function which supplements 
traditional instruction by stimulating students' interests and 
providing them with illustrations of theoretical concepts^ The model 
simulates a simple exchange economy; students order commodities and 
the computer computes the demands in each market^ adjusting prices to 
supplies and demands. The process is then repeated until equilibrium 
is reached — i.e^r until demands equal supplies. The course 
instructors provide post-simulation analysis and exposition by 
methods of their own choice. The simulation was generally 
well-received in the first course in which it was usedy but formal 
validation remains to be undertaken in the future, (PB) 
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Robert V/, Gillespie 
Introduction 

One of the most difficult ideas to communicate at the elemen- 
tary level is how all economic entities interact simultaneously 
through markets to determine prices, output, and the distribution 
of income. Even describing what constitutes a "general equilibrium 
system" is difficult; describing how it theoretically operates is 
doubly difficult. 

Most expositions at this level are a variant of either the 
equations system approach or the 2x2x2 economy (2 factors, 2 goods, 
2 individuals) exposited graphically. Neither method is without 
serious problems. Since the mathematical preparation of students 
and most instructors precludes developing analytical solutions, 
the equation system approach can only be used to describe the 
system. Furthermore, the equations are so formidable as to shock 
the mathematical innocence of many students. The result is that 
little may be communicated. The 2x2x2 modelf while better suited 
to the technical equipment of the students, may nevertheless strain 
their credulity in being used to describe the multidimensional 
- world which they observe. Given these pedagogical obstacles, al- 
ternative or supplementary approaches should be particularly 
attractive. 

The purpose of this paper is to describe such an alternative 
or supplementary approach; it is a market exchange simulation 
utilizing a computer assisted instruction system developed at the 
University of Illinois - the PLATO system. 
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The pedagogical strategy of the simulation is to first capture 
the student's interest through personal involvement and experience; 
this experience can then be used as a basis for subsequent elabora- 
tion by the instructor in the classroom. If successful, the stu- 
dent's interest will be raised to a point where it can sustain and 
absorb the more rigorous traditional approaches described earlier 

Because the term 'computer simulation* is frequently used to 
describe business games it should be noted at thp outset that the 
simulation to be described is in no meaningful sense a 'game*. 
Specif ic?.lly, no index of individual performance, either implicitly 
or explicity, is computed, nor would any such computation have 
meaning. Hence, students cannot be ranked on any scale of merit. 
This is .not to say, hov/ever, that a student will be unable to de- 
scribe, in. his own terms, whether the simulation worked to his ad- 
vantage or disadvantage. Further, students in. this simulation are 
not asked to assume unnatural roles such as "pretend you or the 
president of General Motors." They are asked only to be themselves 

4 

in a role which is familiar to them - as consumers. In this role 

they are to be guided by their tastes and not any abstract de- 
2 

cision rules. 

This simulation would be more accurately described as a 
••laboratory experience," the analogy being with the laboratory 
experience as used at the .elementary level of the physical sciences. 
At this level the basic functions of the laboratory are to illus- 
trate phenomena and to generate data for theoretical analysis. 
When a CAI system is used to achieve these same ends it could be 
i9^"described as being used in a • laboratory mode.' This mode may be 
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contrasted with the more Irequently used 'tutorial or testing mode.* 

V/hen used in this laboratory mode, CAI systems have marked 
similarities to simulations carried out by, say, a batch process 
computer system. The CAI system, however, has several advantages 
over such systems. First, the CAI system perraits students to in- 
teract with each other in an impersonal manner similar to the im- 
personal nature of a market. This interaction proceeds without 
any distracting logistical aspects, such as collecting punched 
cards or distributing intermediate results. Further, the personal 
computational nee4s of each participant, such as computing the net 
value of his order, are instantly performed for him by the computer 
as his needs require. All results are immediately and clearly 
displayed for him. Finally, the analysis of the data can be car- 
ried out from his same console as an immediate and natural exten- 
sion of the simulation. In brief, a CAI system such as PLATO 

-permits the student's attention to be focused upon his decisions 

'with minimum distraction and loss of time'. 

Economic Mode l 

The model simulates a simple exchange economy; supply is 
fixedtf there is no credit market or futures market. The students 
are told that they have been invited to a picnic by their economics 
professor. The professor, however, is determined that although 
the food is free* it is to be efficiently allocated among students, 
by a "market process." Each student then sees on his screen a 
list of food items, the prices of each, and how many of each item 
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he has arbitrarily been given. He is permitted to revise this 
original allocation of food by buying and selling items at the 
posted market prices. The net revenue from these transactions is 
continually computed and its current value is displayed following 
each transaction.^ When the student has optimized his order, he 
so indicates to the computer; the computer will not accept his 
order unless at that time his net revenue is / non-negative. This, 
of course, reflects the assumption that there is no credit market.^ 

When his total order is accepted, the student is asked to 
wait until all students have also placed their orders. When 
everyone has completed this task, this constitutes the end of a 
' 'round.' As soon as the last student's order is received, the 
computer computes the excess demand in each market and adjusts 
the market price upwards slightly if this excess demand is positive, 
downwards if it is negative, or leaves the price unchanged if the 
excess demand is zero. 

The model follows Walras' tatonnement process in that each 
student's order is assumed to be only an offer to buy and sellj 
the actual execution of the order is contingent upon all markets 
clearing when all offers are compared. If this happens, a gen- 
eral equilibrium has been found and the simulation ends.^ If a 
■ round does not produce a general equilibrium , students are given 
the revised set of pric^iis and a new value of their net revenue. 
Since their offers were not actually executed, they still have 
their original allocation of food, although it is stored in the 
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inte*!- • iot displayed. Their last preferred allocatvv.' ;iov?'^-^2- , 
is G.riplayed or. the screen. Their original allocation of items > 
value' at the new prices » constitutes their total revised pur- 
chasing power; their last preferred allocations, which they still 
their screens, are also valued at the new prices. The dif- 
ference '--two en this value and their purchasing power is the new 
net rev- ^e value they see. As soon as the new set of prices and 
new net revenue is presented, each student has an opportunity to 
revise his order again if he wishes. There is an incentive to do 
so because prices of items have changed and because the indi- 
vidual's purchasing power has changed. Only, however, if their 
new net revenue was negative is the student actually required to 
change his order. 

This process can be illustrated graphically for a typical 
participant if we assume that there are only two items on the menu 
at the picnic — roast beef sandwishes and Coca Cola. (In fact, 
there are 10 items.) In Figure 1 point Eq represents the student's 
original allocation of sandwiches and Coke.^ Point Eq and the 
initial set of market prices produce the budget line A-B. For 
most students point A will not be an optimum choice; we assume 
that the optimum is shovm by point E-, • The student reaches E^ by 
trading Coke for sandwiches. At E^ his net revenue will be zero; 
the computer only requires that it be non-negative; any point on 
.or within the relevant budget line constitutes an acceptable order. 
When all students have placed their orders a new set of prices 
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will usually be generated. This new set and point Eq produce a 
new budget linei C-D, and a new value of the student's net 
revenue, which given order E]_, will be negative. Because of this 
negative value the student will be required to alter his order to 
a choice on the new budget line, C-D. We assume this choice will 
be E2. V/hen all students have reported their E2 another set of 
prices will be generated'; these are shown by the budget line F-G. 
These prices will also produce a new, and in this case positive, 
" value of our student's net revenue. In this case he could simply 
reenter E2 as his order; more likely he would revise it to some 
point such as E^. Adjustments such as these continue until 
either a general equilibrium is achieved or until the instructor 
terminates ^the simulation. 

Post-Simulation Analysis 

When the simulation is finished the method of subsequent ex- 
position can be left to the discretion of the instructor. Two . 
^general choices are available to him, '. however. These are an on- 
line guided analysis of the data generated by the simulation by 
individual students and/or a more traditional classroom lecture 
expositing the concepts in a more rigorous manner but using the 
simulation-experience as a source of illustrations. Although the 
methods of analysis and content of classroom lectures will also 
vary according to the level of the class, some illustrative ap- 
proaches may usefully be given here. 
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Fjgure 1 
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Sandwiches 
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Coca-Cola 
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If one wishes to analyze in any detail the data generated by 
the simulation, some choices are called for because the amount of 
data produced is voluminous even for a class of only 20 students 
with only 10 markets. Two general levels of data can be used; 
first, data relating to the individual choices of each student 
round by round. V/ith only 20 students and 10 markets, each round 
will generate observations on '200 choices. At the market level, 
if one restricts attention only to prices, quantities, and excess 
demand, there will still be 30 variables. 

Fortunately f the PLATO system itself provides a powerful and 
versatile tool for data presentation and analysis. The simula- 
tion program not only stores in memory all of the data generated 
by the simulation but also provides three graphical presentations 
for on-line analysis. All of the data can also be obtained in 
hard copy form for more detailed off-line use. 

Appendix A contains photographs illustrating each of the 
three graphical presentations. The most familiar form is, of 
course, a price quantity diagram for each market. Frame T illus- 
• trates such a diagram for market number 10. Each round produces 
a price and quantity coordinate; these are plotted usiiig the 
relevant round number as the plot symbol. One can thus also 
easily follow the time path in the same diagram. Such data also 
provides a useful contrast between partial and general equilibrium 
analysis. 

A second presentation of the market data is shown in Frame 8. 
This plots excess demand over 'time* - round by round. Since 
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supply in each market is fixed, it is convenient to plot excess 
demand as a percent of this supply. The resulting variable is 
dimensionless ; consequently, more than one market may be plotted 
simultaneously if desired. This diagram quickly shows the nature 
and^^extent of the disequilibrium in each market over time. Fur- 
ther, by examining more than one market simultaneously, possible 
consumption interdependencies may be explored. 

The third presentation is shown in Frame 9* This tabular 
presentation includes both the individual student's and market 
price/quantity data. These data give initial and final values 
and are also presented in such a v/ay as to facilitate computation 
of price indexes at both levels. Each of t!*ese. three displays is 
available to each student independently of what any other student 
may be looking at. Further, these three presentations are by no 
means exhaustive; the only limitations on the variety of on-line • 
data presentation and analyses are the ingenuity and programming 
resources of the instructor. 

These three methods of presenting the data contain suggestive t 
. if not final, answers to many interesting questions relating to 
the collective tastes of the students and to the dynamic behavior 
of this simple general equilibrium system. The nature of the 
questions will be limited by the economic knowledge of the class. 
To illustrate the use of these on-line presentations, a list of 
questions appropriate for a class in intermediate microeconomic 
theory is provided in Appendix B. The students were given the 
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list of questions at the end of the simulation and then asked to 
use the data to answer them as best they could. Their answers 
were subsequently used as a liisis for a classroom discussion. If 
desired, the questions could also be presented v/ithin the CAI 
system rather than being distributed separately. The students 
were permitted to proceed at their own pace; they were also en- 
couraged to ask questions of their own and attempt to answer them 
using the data. These questions and approach are only illus- 
trative of a wide range of questions and uses that could im- . 
mediately follow the simulation. 

Variations in the Model 

Minor refinements in the existing model offer much scope for 
introducing new concepts. For example, markets could be segregated 
by (.lasses of consumer. If beer were one of the commodities, the 
age of the participants could be used to restrict consumption only 
to those who were of age; this would illustrate the effect of 
numbers of consumers on the dynamics of individual markets. The 
simulation illustrates the role of market price formation in re- 
allocating purchasing power income, but initial distribution of 
goods among participants is exogenous and arbitrary. In the 
simulation used to date, each person started with an identical - 
allocation; this could be modified to, say, an explicitly random 
process. This is analogous to how some forms of wealth - hence 
income - are distributed in the real world. 
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In the model every attempt has been made to insure that Say's 
Law will apply: specifically, all goods are to be consumed at the 
picnic* This could be relaxed by introducing a store of value, 
e.g. candy bars. Data generated by classes with this variation 
would provide a useful contrast to data where no store of value 
was available. 

Concluding: Remarks 

The major pedagogical question relating to this or to any 
other technological innovation is: "but does it teach?" Little 
systematic analysis has yet been completed to answer this question 
for this approach. The model has been used as an integral part 
of one course and it has benefited from the comments of colleagues 
who took the time to participate in several simulations. Several 
instructors have expressed an interest in utilizing it in their 
classes. However, because of the heavy use of the PLATO system, 
the lead time for scheduling has necessitated delaying their use 
'until the next semester. 

While the formal validation is important and will be carried 
out as time permits, it will not be surprising if the results are 
inconclusive. This follows in part from what is attempted by the 
use of the model. It is not designed to replace classroom pre- 
sentation, but rather to supplement it in much the same way that 
laboratory sections supplement beginning courses in the physical 
sciences. The function of these laboratory sections is as much 
to illustrate and stimulate as to "teach" in any direct sense. 
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Consequently, to the extent this analogy is accepted, the long ex- 
perience of the physical sciences provides general support for 
this approach. Nevertheless, as an economist one is bound to ask 
ultimately for a more precise measure of the educational benefit, 
since neither the hardware or software of CAI systems is a free 
good. This evaluation remains a project for the future. 
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APPENDIX A 



FR.-\ME 1 



DTMs Is 6 i!iriuUt!.^n of c ccr^ral eo^ullibrlu^ 

tyilcir. In a role Ih^t U IdiMWar lo you - a 
<w«surK*T of fo-vJ r!-::^w<*'-- 1" ^^'^^ T^^^ 
Jii;or1^*nl XUe^i vM^r Vr^^^iour reflect as 
fieifh ^: r;-^^itl'^' >^^'' preferences. 

The £.1 lu^'l J^'f this. iouT tcofK-f^ic^ 
profer^V'i h:.- Ir.. Jic.^ iKe cless to o picnic, 
ll sccr.^ . Kowc-cT , tt-^*v the professor »-»a5 Ms. 
O^/n «.vc-'. Ir^r Kf.nf'i.f. Norm?) r-coplr p.el hung up 
onsucK tMr,fr oTfanjc /ood. yen burfdism, 
Crof^V country s-"'.'-- '-^:-efng. ae. . etc. The 
prole^'.^r. y^.rh£,F'. evre:ledly. 1^ hung up on 
•cfliK^i' r.-ouice eUoceUon. 



FRAME 2 



« In © ffscwwnt you vJU be cJven «n 
IMlIfil ollocBtlon of food. You win theo be 
F^«iUltod tc« evchenge this oHocollon for one 
IKat mXghl t<»Her fU your own tfisles. The 
©Uocallon can \^ ch^tnccd by selling 5ome or ell 
of 6n> i\K'f' anj urfne the receipts to purchase 
Kore of others., fill food, hovever. Is lo be 
coosur>cd CiX the picnic and your conplele order 
ttusl to su.ih thii TcceJpts ere ot least es large 
»s your evrendltorcr.. There Is no credl t mar tell 

i/hen your order Js p]«ced, Jf aJJ markets do 
not clear, you will be efven e revised set ol 
prices and i-c rcrnltted to revise your order at 
the new prJces, 

mss -NEXT- 



FRAME 3 



FRAME 4 



S Tcur allcwratJon of jny I'ica cBr\ be changed 
le entering the ar:K>unt yo>? vish to rell- a 
«.iatlve nurit<>T, CT tSe emount thai you vlsh to 
b«y - 8 roslilve nunt'er . If you sre satisfied 
vllh the an.^unt you have, make no entry. 

If you n^l'c pn c»ntry and then wish to change 
ft, erase and enter the new arK>unt, Note , Jf 
tOM do era?'- ^n entry It must be replaced with* 
»c»ethlrtc. If only a rero. 

- tlone. Is used only as a numeraire; money 
vMl nc't be uced ai- a nedfum of exchange nor as 
i store of value - noney balances are not 
carried . forvord 11 marJtets do not clear. 

•iOTCt You muT.t press NEXT after each 
transact tor- to record 1 1 . fin OK signifies It 
Ms been recorded. 











•ftenu- 




frict. 


You ♦«3uy 


Item 


Unfts price 


have -■Sell 


1- roast beef sandwich 


1/2 


$ 0.25 


1 * 


COTTOl sticks 


eech 




10 


^. ^vlUed efcgs 


1/2 


0.16 


1 


<- oil I: 


oz. 


e.t2 


4 


5. co»:e 


oz. 




4 


6. Kool aid 


oz. 


^.02 


16 


7. ripe ol 1 ves 


each 


0.05 


6 


B. turkey sarndwlch 


1/2 


0.ie 


1 


S. brownies- • 


each 


0.15 


1 .... 


T^. Ice cream 




0.05 


5 


Curnmulatlve r>et 


revenue • 


0.00 


Uhen yoor order Is ready press the -DAT ft- ke^ 



FRAME 5 



You must Wo!! until all students have place<j 
thetr orderri. ftt that tl«>e your screen will 
chooge to r'?flect a new set of prices. 
Too can tht^r. it-vfse your order If you wish. 
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Ihw »r*«lys« of fUDTVcX data prcxJuced by t»>e 

t^cvs the path of rrKt«rtft excess dcrv^nd /or 
s»*>cclfIcJ r.arlrlf. . To s<?c this M^^lysJf- press 
ihe ICf^n \ vy ^rtd Xyt^ riOTXD. 

Ihe jccc-nJ arl^l lysis. r Tt-t.enls pr 1 ce- quanU ly 
dala e<*'^'^»lt'd t-y the slmulotlon In a sup^ly- 
<$t«ar)d Ic-rr... To f^ef thjs »nalysJ* pr^s the 

The ffnal analysis, presents Jnillal and final 
•rice q^Jft'^tlty dfttrs ior sH markets. To see 
these da^a pre'.s Ihr TCRH key ead type SlttUTIV. 

gs?n you have con.jrl rted your analysis press 
the ICRttvkey and type riNlSHCO. 

PRESS -Ncxr- 



FRAME 8 



tSk% excess decand es » t of ikl supplr 

« ■ , 



FRAME 7 



fflce(cents) Supply 



10 



Quantity 



HuinbeT of the market to be plotted « 1i' P*. 
PRCii -NEXT- 
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IKT 
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? 
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0.00 
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9 
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16 


0*15 
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15 


0.05 


IKT 1£t 


5 


<0 


0.0S 


0 


41 


0.00 










KKT QD 


Y^ur 
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0.00 
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APPENDIX B 

Questions Giv^n to StAident?; to Guide -Their 
Analysis of the i^irnulation Data 



1. V/hich markets, if any, failed to reach equilibrium? For each 
mar::et that failed to reach equilibrium, describe the nature 
of the disequilibrium v/hen the simulation ended, 

Market : Type of disequilibrium : 

2. Did the behavior of price and/or quantity demanded seem to 
you to be counter intuitive, i.e., different than what you 
would have predicted? If so, name the market and briefly 
explain, 

1. In v/hich markets v/as there the most active trading? Upon 
what are you basing your answer? 

' 4. Did any of the goods fail to follow the basic law of demand? 
(This is tricky: ) 

5. Was the i^rice level different at the end than at the start? 
What evidence are you basing your answer on? 

6. What is the definition of "excess demand"? V/hat role do you 
think this variable played in price dynamics in each market? 

?. Were any free goods revealed by the simulation? V/hich were 
they? Did any goods change from being an economic good to a 
free good and back to an economic good? 

8. Prom the data, are there any pairs of goods which seemed to 
have either a complementary or substitute relationship? V/hat 
are the pairs, if any, and what evidence do you have to support 
your answer? 

9. Look at the initial and final economic situation of some other 
student. Can you deduce from looking at these data wliether 

he was better off or worse off at the end than at the start? 

10. Was the market value of your final bundle "higher or lower . 
than the market value of your initial bundle? 

11. Was the utility to you of your final bundle higher or lower 
than your initial bundle? 

12. Did any goods appear to have perfectly price inelastic demands? 
Did you ask any other question of the data? If so note these below: 
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FOOTNOTES 

■'"For a complete description of this advanced CAI system, see 

♦ 

either D. Alpert and D. L. Bitzer, ''Advances in Computer-Based 
Education," Science . Vol. 16? (20 Warch 1970), pp, I582-I59O; or 
D. L. Bitzer, 3. A, Sherwood, and P. Tenczar, "Computer-Based 
Science Education," Proceedings of UNESCO Conference Utilization 
of Educational Technology in the IriDrovment of Science Education . 
13-16 September 1972, Paris, France (forthcoming). 

2 

One problem that arose regarding roles was the propensity 
of a few students (and instructors) to act as speculators : rather 
than as consumers. This behavior appeared notwithstanding the 
fact that without actual and repeated buying and selling no mean- 
ingful speculation is possible. Following the tatonnement process, 
all offers are contingent upon the prices turning out to be 
equilibrium prices. To discourage this 'speculative' behavior, 
large purchase orders of any given good are refused by the program 
and the student receives a message asking him to stop trying to 
- speculate. 

-a 

^Appendix A, Frames l-^St shows how this information is actually 
presented to the students. Students communicate their decisions 
to the system by means of their own keyboards. 

'^In a correctly specified general equilibrium system, the 
r^'meraire must be a traded good, its price, of course, being unity . 
by definition. In the simulation, money prices are used to conform 
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to the obvious fact that consumers think in money terms- But, in 
spite o^ the fact that money is not a traded good, it is. a numeraire 
in the sense of being the unit of account, A true numeraire could 
be defined by arbitrarily holding constant the money price of one 
of the traded goods regardless of the excess demand in the market 
for this good. 

^The instructor may establish a less strict definition of gener'al 
equilibrium at any point in the simulation. For example, the simula- 
tion could be programmed to end if in all markets excess demand as 
a percent of supply were within plus or minus 15% percent of zero, 
rather than being exactly zero. 

^It should be noted that Eq is not true equilibrium in the 
sense of being a voluntary choice of the consumer, for given a 
set of prices and purchasing power; Eq is an arbitrary assignment. 
The other E's do represent equilibrium choices in the sense 
'described. 



